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&DURO 7HQRSLU 3URIHVVRU DW WKH
8QLYHUVLW\ RI +DZDLL DW 0DQRD 6FKRRO RI
/LEUDU\ DQG ,QIRUPDWLRQ 6WXGLHV
,QWURGXFWLRQ
0DQ\ JURXSV DQG LQGLYLGXDOV DUH ORRNLQJ DW ZD\V GDWDEDVHV FDQ EH HYDOXDWHG IRU
TXDOLW\ LQ D FRQVLVWHQW ZD\ 6HYHUDO KDYH GHYHORSHG GHWDLOHG FKHFNOLVWV RI GDWDEDVH
TXDOLW\ WR KHOS ZLWK WKLV HYDOXDWLRQ SURFHVV
 7KUHH RI WKH EHVW DUH WKRVH GHYHORSHG
E\
 WKH 6RXWKHUQ &DOLIRUQLD 2QOLQH 8VHU
V *URXS 6&28*

 WKH )LQQLVK 6RFLHW\ IRU ,QIRUPDWLRQ 6HUYLFHV

 3HWHU ODHVD LQ KLV  ERRN RQ &'520 HYDOXDWLRQ
6&28*
V SURSRVHG UDWLQJ VFKHPH IRU ELEOLRJUDSKLF IXOOWH[W DQG GLUHFWRU\
GDWDEDVHV IRFXVHV RQ HYDOXDWLQJ WKH UHVXOWV RU RXWSXWV IURP DQ RQOLQH VHDUFK 7KH\
LGHQWLILHG ,, PDLQ FRPSRQHQWV E\ ZKLFK D VHDUFKHU FDQ UDWH TXDOLW\ FRQVLVWHQF\
FRYHUDJHVFRSH WLPHOLQHVV YDOXH LQ WHUPV RI FRVW DFFXUDF\HUURU UDWH DFFHVVLELOLW\
V\VWHP SHUIRUPDQFHHDVH RI XVH LQWHJUDWLRQ ZLWK RWKHU GDWDEDVHV RXWSXW
GRFXPHQWDWLRQ DQG FXVWRPHU VXSSRUW

%HFDXVH WKHVH IDFWRUV ZLOO YDU\ ZLWK WKH V\VWHP WKDW ORDGV D GDWDEDVH 6&28*
UHFRPPHQGHG WKDW HYHU\ V\VWHP VKRXOG EH HYDOXDWHG VHSDUDWHO\ 7KXV IRU D GDWDEDVH
VXFK DV $%,,,1)250 WKDW LV DYDLODEOH RQ PXOWLSOH RQOLQH RU &'520 KRVWV
PXOWLSOH 6&28* HYDOXDWLRQV DQG UDWLQJV DUH UHTXLUHG
7KH )LQQLVK 6RFLHW\ IRU ,QIRUPDWLRQ 6HUYLFHV
 UDWLQJ VFKHPH IRFXVHV MXVW RQ
ELEOLRJUDSKLF GDWDEDVHV SURSRVLQJ ILYH PDLQ FDWHJRULHV RI HYDOXDWLRQ 7KH ILYH
FDWHJRULHV WR HYDOXDWH DUH FRQQHFWLQJ WR V\VWHP DQG FRPPXQLFDWLRQV VHDUFK

 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
ODQJXDJH DQG RWKHU WHFKQLFDO DVSHFWV RI WKH VHDUFK FRQWHQWV TXDOLW\ DLGV WR
LQIRUPDWLRQ UHWULHYDO DQG FRVWV

&RQWHQWV TXDOLW\
 LQ WKH )LQQLVK VFKHPH LQFOXGHV RYHU  VHSDUDWH SRLQWV 7KHVH
FDQ EH URXJKO\ JURXSHG LQWR SRLQWV FRYHULQJ XSGDWH SROLFLHV FRYHUDJH SROLFLHV
LQGH[LQJ DQG DEVWUDFWLQJ DQG RWKHU YDOXHDGGHG ILHOGV FRQVLVWHQF\ RI ZRUG IRUPV
HUURUV DQG VWDQGDUGL]DWLRQ RI DEEUHYLDWLRQV
-DFVRV ERRN DOWKRXJK IRFXVLQJ RQ &'520 GDWDEDVHV FRQWDLQV HYDOXDWLRQ
FULWHULD DSSOLFDEOH WR DQ\ HOHFWURQLF PHGLXP +LV FULWHULD DUH VHSDUDWHG LQWR IRXU
EURDG FDWHJRULHV VRIWZDUH GDWD ZDUH GDWDEDVH DQG KDUGZDUH
 8QGHU GDWDZDUH KH
LQFOXGHV VFRSH FRQWHQW DQG TXDOLW\ XQGHU GDWDEDVH KH LQFOXGHV DFFHVVLELOLW\
GRFXPHQWDWLRQXVHU VXSSRUW LQVWDOODWLRQ DQG WHUPV LQFOXGLQJ FRVWV DQG OLFHQVLQJ
(DFK RI WKHVH WKUHH SURSRVHV D FKHFNOLVW DSSURDFK WKDW ZLOO OHDG WR FRQVLVWHQW DQG
V\VWHPDWLF HYDOXDWLRQ 6&28* DQG -DFVR UHFRPPHQG FRPSXWLQJ D QXPHULF

TXDOLW\
 VFRUH VR VLPLODU GDWDEDVHV FDQ EH FRPSDUHG DQG GDWDEDVH SURGXFHUV DQG
V\VWHP YHQGRUV ZLOO VHH KRZ WKHLU RIIHULQJV UDWH
6XFK FKHFNOLVWV DUH YDOXDEOH EHFDXVH WKH\ KHOS FRGLI\ FODULI\ DQG
FRPSDUWPHQWDOL]H YDULRXV DVSHFWV RI TXDOLW\ 7KH\ HQVXUH WKDW FRQVLVWHQW FULWHULD DUH
XVHG ZKHQ HYDOXDWLQJ DQG FRPSDULQJ GLIIHUHQW GDWDEDVHV QR PDWWHU WKH HOHFWURQLF
PHGLXP
:KDW VXFK FKHFNOLVWV GR QRW XVXDOO\ GR LV SULRULWL]H RQ D JHQHUDO OHYHO DOWKRXJK
-DFVRV HYDOXDWLRQ IRUPV OHW HDFK FRQVXPHU VHW D ZHLJKW IRU HDFK IDFWRU WR EH
HYDOXDWHG 0RVW FKHFNOLVWV PDNH DOO TXDOLW\ LVVXHV DSSHDU HTXDO IURP D SRRU
WHOHSKRQH FRQQHFWLRQ WR D W\SRJUDSKLFDO HUURU LQ WKH DEVWUDFW WR D GDWH ILHOG PLVVLQJ
LQ PDQ\ UHFRUGV LQ D GDWDEDVH WR LQDGHTXDWH VHDUFK VRIWZDUH
7KH RWKHU WKLQJ FKHFNOLVWV RIWHQ GR LV IRFXV RQ FRPSDULVRQ UDWKHU WKDQ RQ TXDOLW\
)RU H[DPSOH WKH VL]H RI D GDWDEDVH LV OLVWHG DV RQH FRPSRQHQW RI TXDOLW\ LQ VRPH
OLVWV 6L]H LV D FRPSDUDWLYH IDFWRU QRW D TXDOLW\ RQH 2QH GDWDEDVH PD\ EH GHVFULEHG
DV KDYLQJ PRUH UHFRUGV WKDQ DQRWKHU EXW WKDW VD\V QRWKLQJ DERXW WKH TXDOLW\ RI
HLWKHU %LJJHU LV QRW QHFHVVDULO\ EHWWHU &RPSDULVRQ IDFWRUV DUH UHODWLYH WR DQRWKHU
GDWDEDVH TXDOLW\ LV QRW UHODWLYH
7KLV FKDSWHU EXLOGV RQ WKH UHFHQW FKHFNOLVWV ZLWK D IRFXV WKDW LV D ELW GHHSHU DQG
QDUURZHU ,W ZLOO H[DPLQH ZKDW LV PRVW LPSRUWDQW LQ ERWK GHILQLQJ DQG PDNLQJ D
TXDOLW\ GDWDEDVH DQG ZLOO FRQFHQWUDWH RQ WKRVH WKLQJV WKDW DUH DEVROXWH TXDOLW\
IDFWRUV ZKHWKHU DQ HYDOXDWRU LV FRPSDULQJ GDWDEDVHV RU MXVW ORRNLQJ DW D VLQJOH
GDWDEDVH
$VSHFWV RI TXDOLW\
$V WKHVH YDULRXV FKHFNOLVWV LOOXVWUDWH WKHUH DUH PDQ\ GLIIHUHQW DVSHFWV WKDW FRQWULEXWH
WR D TXDOLW\ H[SHULHQFH LQ D GDWDEDVH VHDUFK 0DUWKD ( :LOOLDPV SUHVHQWV WKH DVSHFWV
DV DQ LQIRUPDWLRQ JHQHUDWLRQGDWDEDVH XVH FKDLQ WKDW IRFXVHV RQ WKH SHRSOH
UHVSRQVLEOH IRU TXDOLW\ DW HDFK OLQN +HU VHYHQOLQN FKDLQ LQFOXGHV DXWKRURULJLQDWRU
SULPDU\ SXEOLVKHU VHFRQGDU\ SXEOLVKHU GDWDEDVH SURGXFHU WHUWLDU\ SXEOLVKHU
RQOLQH YHQGRU JDWHZD\ VHDUFKHUDQDO\VW DQG HQGXVHUUHTXHVWRU
3ULRULWLHV RI TXDOLW\ 








)LJXUH  ,QIRUPDWLRQ JHQHUDWLRQ  GDWDEDVH XVH FKDLQ
$ PRUH FRPPRQ ZD\ WR ORRN DW TXDOLW\ LV E\ FRPSRQHQW SDUWV 6&28* VDZ MXVW
WKUHH SDUWV WKH GDWD LWVHOI WKH GDWDEDVH VWUXFWXUH DQG RUJDQL]DWLRQ DQG WKH V\VWHP RQ
ZKLFK LW LV ORDGHG -DFVR FDOOV WKHVH WKUHH GDWDZDUH GDWDEDVH DQG VRIWZDUH 

)LJXUH  GLDJUDPV WKH FRPSRQHQWV RI D GDWDEDVH V\VWHP DQG ZKHUH WKH\ FDQ EH
VHSDUDWHG 7KH LQIRUPDWLRQ FRQWHQW LV WKH LQIRUPDWLRQ WKDW LV JDWKHUHG RU FUHDWHG E\











































)LJXUH  6HSD UDWLRQ RI WKH FRPSRQHQWV RI  GDWDEDVH V\VWHP
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
ELEOLRJUDSKLF LQIRUPDWLRQ DQG DGG YDOXH VXFK DV DEVWUDFWV RU GHVFULSWRUV WR LW 7KH
LQIRUPDWLRQ FRQWHQW LV LQGHSHQGHQW RI VRIWZDUH DQG RI WKH GLVWULEXWLRQ PHGLXP
SULQW &'520 RQOLQH RU RWKHU &RQWHQW PD\ EH HYDOXDWHG VHSDUDWHO\ DV WKH
GRWWHG OLQH LQGLFDWHV
6\VWHP VRIWZDUH WUDQVIRUPV WKH LQIRUPDWLRQ FRQWHQW LQWR D GDWDEDVH E\ PDNLQJ WKH
LQIRUPDWLRQ VHDUFKDEOH FUHDWLQJ LQYHUWHG LQGH[HV GLFWLRQDU\ ILOHV IRU VHDUFKLQJ
ZLWK SRLQWHUV WR WKH OLQHDU ILOH WKDW LV XVHG WR GLVSOD\ UHFRUGV
7KH UHWULHYDO VRIWZDUH DOVR FDOOHG WKH VHDUFK HQJLQH FRQWULEXWHV VHDUFK IHDWXUHV
WKDW DOORZ WKH GDWDEDVH LQGH[HV WR EH VHDUFKHG 7KH SRZHU RI UHWULHYDO VRIWZDUH
YDULHV IURP V\VWHP WR V\VWHP D PDMRU UHDVRQ WKDW 6&28* UHFRPPHQGV HYDOXDWLQJ
HDFK V\VWHP
V YHUVLRQ RI D GDWDEDVH VHSDUDWHO\
7KH ILQDO FRPSRQHQW RI D GDWDEDVH LV WKH XVHUV\VWHP LQWHUIDFH ,W LV KRZ WKH XVHU
LQWHUDFWV ZLWK WKH UHWULHYDO VRIWZDUH WR XVH WKH GDWDEDVH 7KH LQWHUIDFH PD\ XVH
FRPPDQGV PHQXV LFRQV WHPSODWHV IXQFWLRQ NH\V RU D FRPELQDWLRQ RI WKHVH
%HFDXVH VHYHUDO RQOLQH DQG &'520 V\VWHPV RIIHU D FKRLFH RI LQWHUIDFHV WKH
LQWHUIDFH FDQ EH HYDOXDWHG VHSDUDWHO\ IURP WKH RWKHU GDWDEDVH DVSHFWV
&RPSRQHQWV RU DVSHFWV RI TXDOLW\ FDQ DOVR EH FDWHJRUL]HG E\ IXQFWLRQ DV WKH
)LQQLVK 6RFLHW\ IRU ,QIRUPDWLRQ 6HUYLFHV GLG ZLWK LWV ILYH PDLQ IXQFWLRQV )XQFWLRQV
FDQ DOVR EH YLHZHG DV ORJJLQJ RQ VHDUFKLQJ SULQWLQJ DQG HYDOXDWLQJ RU XVLQJ
UHVXOWV
&RUH RI TXDOLW\
7KH TXDOLW\ GDWDEDVH VHDUFKLQJ H[SHULHQFH GHSHQGV RQ UHOLDEOH WHOHFRPPXQLFDWLRQV
OLQNV JRRG SRZHUIXO DQG HDV\ VHDUFK VRIWZDUH SUHGLFWDEOH DQG DFFHSWDEOH
UHVSRQVH WLPH DQG D FRPSHWHQW VHDUFKHU EXW DOO RI WKHVH PD\ EH SUHVHQW ZLWKRXW WKH
WRWDO DGGLQJ XS WR TXDOLW\ 2QH IDFWRU LV FHQWUDO ZLWKRXW ZKLFK TXDOLW\ FDQQRW H[LVW
$W WKH FRUH RI DOO DVSHFWV LV FRQWHQW  WKH LQIRUPDWLRQ LWVHOI DV FUHDWHG E\ WKH DXWKRU
VHFRQGDU\ SXEOLVKHU RU GDWDEDVH SURGXFHU :LWKRXW TXDOLW\ FRQWHQW WKH RWKHU DVSHFWV
EHFRPH XQLPSRUWDQW ,Q WKDW VHQVH FRQWHQW LV WKH KLJKHVW SULRULW\ DVSHFW
5HVSRQVLELOLW\
:KR LV UHVSRQVLEOH IRU GDWDEDVH FRQWHQW TXDOLW\" :LOOLDPV
V FKDLQ LPSOLHV WKDW DOO
VHYHQ OLQNV DUH HTXDOO\ UHVSRQVLEOH EXW D SHUXVDO RI WKH RQOLQH V\VWHP WHUPV DQG
FRQGLWLRQVRIXVH WKDW LQFOXGH GDWDEDVH SURGXFHU GLVFODLPHUV VXJJHVWV WKDW QRRQH LV
UHVSRQVLEOH
+HUH DUH H[FHUSWV IURP D IHZ W\SLFDO GLVFODLPHUV LQ 'LDORJ
V WHUPV DQG
FRQGLWLRQV 
%,26,6 GRHV QRW JXDUDQWHH WKH DFFXUDF\ DGHTXDF\ RU FRPSOHWHQHVV RI DQ\
LQIRUPDWLRQ  %,26,6 GLVFODLPV DOO OLDELOLW\ IRU HUURUV RU RPLVVLRQV 
3ULRULWLHV RI TXDOLW\ 
B  BB BB B  B  
a






)LJXUH  &RQWHQW LV WKH FRUH RI TXDOLW\
7KH >,QIRUPDWLRQ $FFHVV &RPSDQ\ , GDWDEDVHV DUH SURYLGHG 
DV LV
 ZLWKRXW
ZDUUDQW\ RI DQ\ NLQG 1HLWKHU O$& QRU DQ\ RI LWV GDWD VXSSOLHUV PDNH DQ\
ZDUUDQW\ ZKDWVRHYHU DV WR WKH DFFXUDF\ RU FRPSOHWHQHVV RI DQ\ RI WKH GDWDEDVHV
RU WKH UHVXOWV WR EH REWDLQHG IURP XVLQJ WKH LQIRUPDWLRQ FRQWDLQHG WKHUHLQ DQG
QHLWKHU O$& QRU DQ\ RI LWV GDWD VXSSOLHUV VKDOO EH UHVSRQVLEOH IRU DQ\ FODLPV
DWWULEXWDEOH WR HUURUV RPLVVLRQV RU RWKHU LQDFFXUDFLHV LQ WKH LQIRUPDWLRQ
FRQWDLQHG LQ DQ\ O$& GDWDEDVH 7KH HQWLUH ULVN DV WR WKH UHVXOWV DQG SHUIRUPDQFH
RI DQ\ O$& GDWDEDVH LV DVVXPHG E\ WKH XVHU RI WKDW GDWDEDVH 
6RPH SURGXFHUV ZDUQ XVHUV GLUHFWO\ WKDW WKHLU LQIRUPDWLRQ PD\ EH RI SRRU TXDOLW\
,19(67(;7 GDWDEDVH XVHUV DUH DGYLVHG WKDW WKH HOHFWURQLF FRQYHUVLRQ DQG
WUDQVPLVVLRQ RI WH[WXDO DQG QXPHULF GDWD PD\ FDXVH HUURUV DQGRU RPLVVLRQV WKDW
DUH EH\RQG WKH FRQWURO RI 7KRPVRQ )LQDQFLDO 1HWZRUNV <RX VKRXOG DOVR QRWH
WKDW WKHUH LV D GHOD\ EHWZHHQ SUHSDUDWLRQ RI WKH UHVHDUFK UHSRUWV DQG WKHLU
LQFOXVLRQ LQ WKH ,19(67(;7 GDWDEDVH DQG WKH UHSRUWV PD\ WKHUHIRUH QRW EH XS
WRGDWH
7HLNRNX 'DWDEDQN FXVWRPHU DFNQRZOHGJHV WKDW WKH W\SH RI LQIRUPDWLRQ FRQWDLQHG
LQ WKH GDWDEDVH ZLOO FRQWDLQ D GHJUHH RI HUURU 
(OVHYLHU 6FLHQFH 3XEOLVKHUV GRHV QRW ZDUUDQW WKH VFLHQWLILF DFFXUDF\ RU
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\

FRPSOHWHQHVV RI WKH LQIRUPDWLRQ FRQWDLQHG LQ 6('%$6( QRU GRHV LW ZDUUDQW WKH
VXLWDELOLW\ RI WKLV LQIRUPDWLRQ IRU DQ\ SDUWLFXODU XVH RU DSSOLFDWLRQ  %HFDXVH RI
UDSLG DGYDQFHV LQ WKH PHGLFDO VFLHQFHV ZH UHFRPPHQG WKDW LQGHSHQGHQW
YHULILFDWLRQ RI GLDJQRVHV DQG GUXJ GRVDJHV VKRXOG EH PDGH
/HW WKH SRRU EX\HU EHZDUH
'LVFODLPHUV RU QRW GDWDEDVH SXEOLVKHUV VXFK DV ,QIRUPDWLRQ $FFHVV &RPSDQ\
%,26,6 7KRPVRQ (OVHYLHU DQG 7HLNRNX DUH XOWLPDWHO\ UHVSRQVLEOH DW OHDVW
PRUDOO\ IRU WKH TXDOLW\ RU ODFN WKHUHRI RI WKHLU FRQWHQW 2QOLQH KRVWV VXFK DV
'LDORJ 0HDG 'DWD &HQWUDO 2UELW DQG %56 DUH UHVSRQVLEOH WRR RQO\ OHVV GLUHFWO\ VR
7KH\ DUH UHVSRQVLEOH LI WKHLU FRUUHFWLRQ SURFHGXUHV DUH VR DZNZDUG RU H[SHQVLYH WKDW
WKH\ PDNH LW SURKLELWLYH IRU GDWDEDVH SURGXFHUV WR FRUUHFW NQRZQ HUURUV 7KH\ DUH
UHVSRQVLEOH LI WKHLU ORDGLQJ SURJUDPV GR QRWKLQJ WR VPRRWK RXW LQFRQVLVWHQF\ RI
IRUPDWV DPRQJ DQG EHWZHHQ GDWDEDVHV
)LQDOO\ VHDUFKHUV DUH UHVSRQVLEOH DV ZHOO LI WKH\ FRQWLQXH WR SD\ IRU MXQN GDWD RU
OHW HUURUV JR XQUHSRUWHG RU IDLO WR VSUHDG WKH ZRUG DERXW FRQWHQW TXDOLW\ ERWK JRRG
DQG EDG RI VSHFLILF GDWDEDVHV
&RQWHQW TXDOLW\
:KDW DIIHFWV FRQWHQW TXDOLW\" ,W LV PRUH WKDQ MXVW W\SRJUDSKLFDO HUURUV DV WKH )LQQLVK
6RFLHW\ IRU ,QIRUPDWLRQ 6HUYLFHV IRXQG WKHVH PD\ EH UHODWLYHO\ UDUH +HUH WKH
GHWDLOV IURP WKH LQGLYLGXDO TXDOLW\ FKHFNOLVWV DUH KHOSIXO
$QDO\]LQJ WKH YDULRXV FKHFNOLVWV UHYHDOV WKDW FRQWHQW FRPPRQO\ LQFOXGHV ILYH
WKLQJV  VFRSH DOVR FDOOHG FRYHUDJH  VWUXFWXUH  DFFHVVLELOLW\  DFFXUDF\
DQG  FRQVLVWHQF\ 7KHVH ILYH IDFWRUV ZLOO EH GLVFXVVHG LQ WXUQ
6FRSH
,Q D SXUHO\ FRPSDUDWLYH OLVW VFRSH FDQ LQFOXGH PDQ\ DVSHFWV VXFK DV VL]H
JHRJUDSKLF FRYHUDJH ODQJXDJH FRYHUDJH HWF ,Q WHUPV RI TXDOLW\ KRZHYHU WKH
6&28* UHSRUW VXPPDUL]HG LW EHVW QR PDWWHU ZKDW D GDWDEDVH KDV DV LWV VFRSH
TXDOLW\ LQ WKLV UHJDUG PHDQV SXEOLVKLQJ D FOHDU HGLWRULDO SROLF\ DQG IROORZLQJ WKDW
SROLF\
$ ELEOLRJUDSKLF GDWDEDVH FDQ UHVWULFW LWV FRYHUDJH E\ RQO\ LQGH[LQJ MRXUQDOV LQ
VSHFLILHG ODQJXDJHV D IXOOWH[W GDWDEDVH FDQ EH KLJKO\ VHOHFWLYH LQ WKH FKRLFH RI
DUWLFOHV LW LQFOXGHV D EXVLQHVV GLUHFWRU\ GDWDEDVH FDQ VHW QDUURZ FULWHULD IRU ZKLFK
W\SHV RI FRPSDQLHV WR LQFOXGH
1DUURZ RU UHVWULFWLYH VFRSH GRHV QRW PHDQ SRRU TXDOLW\ MXVW DV VPDOO VL]H GRHV
QRW 3RRU TXDOLW\ FRPHV ZKHQ WKH GDWDEDVH SXEOLVKHU GRHV QRW DGPLW WR WKRVH
UHVWULFWLRQV RU GRHV QRW FOHDUO\ VWDWH WKH OLPLWDWLRQV )URP WKH XVHU
V SHUVSHFWLYH
SRRU TXDOLW\ FRPHV IURP QRW EHLQJ WROG RU EHLQJ WROG LQFRUUHFWO\
)RU H[DPSOH WKH %O26,6 GDWDEDVH FODLPV 
FRPSUHKHQVLYH ZRUOGZLGH FRYHUDJH RI
3ULRULWLHV RI TXDOLW\ 
O7UDGH 	 ,QGXVWU\ $6$3
-RXUQDO &RYHUDJH
 $UNDQVDV %XVLQHVV 
 $VVRFLDWLRQ 0DQDJHPHQW 
 %& %XVLQHVV 
 &RPPXQLFDWLRQV 'DLO\ 
 &DQDGLDQ %XVLQHVV 5HYLHZ 
 &DQDGLDQ /DERXU 
 )RRG LQ &DQDGD 
 -RXUQDO RI $FFRXQWDQF\ 
 0DVV 7UDQVLW 
 3& 0DJD]LQH 
a  a a
)LJXUH  7UDGH DQG ,QGXVWU\ $6$3 MRXUQDO FRYHUDJH
UHVHDUFK LQ WKH OLIH VFLHQFHV
 DQG &RPSHQGH[ FODLPV 
FRYHUDJH RI WKH ZRUOG
V
VLJQLILFDQW HQJLQHHULQJ DQG WHFKQRORJLFDO OLWHUDWXUH
 <HW D VWXG\ UHYHDOHG WKDW
VFLHQWLILF DQG WHFKQLFDO MRXUQDOV SXEOLVKHG LQ -DSDQ DUH RQO\ LQFOXGHG LQ WKHVH WZR
GDWDEDVHV LI WKH -DSDQHVH MRXUQDO ZDV ZULWWHQ LQ (QJOLVK RU DQRWKHU :HVWHUQ ODQJXDJH
RU KDG (QJOLVK ODQJXDJH VXPPDULHV
7UDGH 	 ,QGXVWU\ $6$3 FODLPV FRYHUDJH RI RYHU  MRXUQDOV DQG D FRYHUDJH
WLPHVSDQ RI  WR WKH SUHVHQW EXW RQO\  WLWOHV DUH FRYHUHG IRU WKLV HQWLUH SHULRG
$V QHZ WLWOHV DUH DGGHG WKH\ DUH QRW DGGHG UHWURVSHFWLYHO\ VR VRPH RI WKH  WLWOHV
EHJLQ FRYHUDJH RQO\ LQ  RU  6HOHFWHG WLWOHV ZLWK WKHLU VWDUWLQJ GDWHV VKRZ
WKLV UDQJH )LJXUH 
1DWLRQDO 1HZVSDSHU ,QGH[
V SROLF\ VWDWHV WKDW LW 
SURYLGHV FRYHUWRFRYHU
LQGH[LQJ RI $PHULFD
V PRVW LPSRUWDQW QDWLRQDO QHZVSDSHUV
 \HW LW OHDYHV RXW
DGYHUWLVHPHQWV DQG VRPH V\QGLFDWHG FROXPQV QRW WR PHQWLRQ WKH H[FOXVLRQV LW GRHV
DFNQRZOHGJH VXFK DV ZHDWKHU FKDUWV VWRFN PDUNHW WDEOHV FURVVZRUG SX]]OHV DQG
KRURVFRSHV
9HU\ IHZ LI DQ\ ELEOLRJUDSKLF GDWDEDVHV UHDOO\ GR FRYHUWRFRYHU LQGH[LQJ
DOWKRXJK PDQ\ FODLP WKH\ GR +: :LOVRQ &RPSDQ\
V DGYHUWLVLQJ EURFKXUHV FODLP
FRYHUWRFRYHU LQGH[LQJ IRU %XVLQHVV $EVWUDFWV 5HDGHUV
 *XLGH $EVWUDFWV DQG RWKHU
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
LQGH[HV EXW WKHLU V\VWHP GRFXPHQWDWLRQ DGPLWV WKDW WKHLU SROLF\ LV WR VHOHFW DUWLFOHV
RQO\ 7KH\ GR QRW LQGH[ RU DEVWUDFW DGYHUWLVHPHQWV PRVW OHWWHUV WR WKH HGLWRU
FDOHQGDU DQQRXQFHPHQWV RU VKRUW LWHPV
6WUXFWXUH
6WUXFWXUH WKH VHFRQG FRPSRQHQW RI FRQWHQW FDQ EH YLHZHG LQ D VLPLODU ZD\
6WUXFWXUH LQFOXGHV ZKDW DQG KRZ PDQ\ ILHOGV DUH LQ D GDWDEDVH :KHWKHU DQG KRZ
WKHVH ILHOGV FDQ EH VHDUFKHG LV GHSHQGHQW RQ WKH ORDGLQJ DQG VHDUFK VRIWZDUH EXW
WKH\ PXVW H[LVW LQ WKH ILUVW SODFH LQ RUGHU WR EH VHDUFKDEOH /DFN RI FHUWDLQ NH\ ILHOGV
KDV D VWURQJ QHJDWLYH HIIHFW RQ WKH TXDOLW\ RI D GDWDEDVH
)RU LQVWDQFH /LEUDU\ DQG ,QIRUPDWLRQ 6FLHQFH $EVWUDFWV 86$ KDV QR
DUWLFOHGRFXPHQW W\SH LQGLFDWRU VR D VHDUFK FDQQRW EH UHVWULFWHG E\ W\SH RI OLWHUDWXUH
'LVVHUWDWLRQ $EVWUDFWV LQGLFDWHV RQO\ WKH XQLYHUVLW\ WKDW DZDUGHG D GHJUHH QRW WKH
GHSDUWPHQW IURP ZKLFK LW FDPH 0DQ\ GDWDEDVHV GR QRW LQFOXGH ,661 QXPEHUV RU
&2'(1V IRU WKH MRXUQDOV WKH\ LQGH[ 2QO\ VRPH EXVLQHVV GDWDEDVHV LQFOXGH YDOXH
DGGHG ILHOGV VXFK DV 6,& FRGHV VWRFN PDUNHW WLFNHU V\PEROV HWF
7KH ERWWRP OLQH RI VWUXFWXUDO TXDOLW\ OLNH WKDW RI VFRSH UHODWHV WR KRQHVW\ ,Q WKLV
FDVH KRQHVW\ UHIHUV WR ZKDW SHU FHQW RI WKH UHFRUGV FRQWDLQ WKH SURPLVHG ILHOGV
-DFVRV FKDSWHU LQ WKLV ERRN SURYLGHV GHWDLOV RQ KRZ WR WHVW ILHOG FRPSOHWHQHVV
,I D GDWDEDVH SURPLVHV WKDW RQH FDQ VHDUFK E\ ODQJXDJH EXW IHZHU WKDQ  SHU FHQW
RI WKH UHFRUGV KDYH D ODQJXDJH FRGH DV -DFVR IRXQG IRU %RRNV LQ 3ULQW LW LV D
PLVOHDGLQJ FODLP WR VD\ WKH OHDVW ,I /LEUDU\ RI &RQJUHVV &DUG 1XPEHU LV
DGYHUWLVHG DV D YDOXHDGGHG IHDWXUH DV %RRNV LQ 3ULQW GRHV EXW WKLV ILHOG DSSHDUV LQ
RQO\  SHU FHQW RI WKH UHFRUGV XVLQJ /&&1 DV D VHDUFK HOHPHQW OLPLWV WKDW VHDUFK
LPPHGLDWHO\ WR OHVV WKDQ D WKLUG RI WKH ILOH
-DFVR DOVR IRXQG WKDW  SHU FHQW RI WKH UHFRUGV LQ 'LVFORVXUH ODFN QXPEHURI
HPSOR\HHV DQG QHWVDOHVSHUHPSOR\HH DQG  SHU FHQW ODFN JURVV SURILWV DQG QHW
LQFRPH 0D\EH WKDW LQIRUPDWLRQ FRXOG QRW EH REWDLQHG IURP WKH FRPSDQLHV EXW
QHDUO\  SHU FHQW RI WKH UHFRUGV DUH PLVVLQJ 6WDQGDUG ,QGXVWULDO &ODVVLILFDWLRQ
FRGHV VRPHWKLQJ WKDW FRXOG EH DGGHG E\ WKH 'LVFORVXUH VWDII
$%,,,1)250 KDV IRXU ILHOGV WKDW UHSUHVHQW MRXUQDO WLWOHV /HVW D VHDUFKHU WKLQN
WKDW WKHVH ILHOGV FDQ EH XVHG LQWHUFKDQJHDEO\ WR UHVWULFW D VHDUFK WR D VSHFLILHG
MRXUQDO KH RU VKH VKRXOG NQRZ WKDW ZKLOH -RXUQDO 1DPH DQG -RXUQDO &RGH DSSHDU
LQ QHDUO\  SHU FHQW RI WKH UHFRUGV DQG ,661 LQ  SHU FHQW &2'(1 DSSHDUV LQ
RQO\  SHU FHQW
,I FHUWDLQ ILHOGV DSSHDU RQO\ LQ VRPH UHFRUGV LQ D GDWDEDVH WKH GDWDEDVH SURGXFHU
KDV DQ REOLJDWLRQ WR UHSRUW WKLV ,W VKRXOG EH FOHDUO\ VWDWHG LQ DOO WKH GRFXPHQWDWLRQ
WKDW GHVFULEHV ILHOG VWUXFWXUH 1R XVHU VKRXOG KDYH WR JXHVV ZKDW SHU FHQW RI WKH
UHFRUGV FDQ EH H[SHFWHG WR LQFOXGH D SDUWLFXODU ILHOG )DLOXUH WR GRFXPHQW VXFK
RPLVVLRQV LV RQH RI WKH ZRUVW TXDOLW\ WUDQVJUHVVLRQV RI DOO  XVHUV PLVV LWHPV ZLWKRXW
NQRZLQJ LW EHFDXVH WKH GDWDEDVH SURGXFHU ZLWKKHOG LQIRUPDWLRQ
$FFHVVLELOLW\
3ULRULWLHV RI TXDOLW\ 
/LNH VWUXFWXUH DFFHVVLELOLW\ YDULHV DFFRUGLQJ WR WKH ORDGLQJ SURFHGXUHV DQG VRIWZDUH
WKDW PDNH D GDWDEDVH VHDUFKDEOH %XW DJDLQ WKH FRUH RI TXDOLW\  FRQWHQW  PXVW EH
RI KLJK TXDOLW\ ILUVW :KHUH VWUXFWXUDO TXDOLW\ UHODWHV WR WKH FRQVLVWHQW DYDLODELOLW\ RI
VWDQGDUG ILHOGV DFFHVVLELOLW\ H[WHQGV WR ZKDW SRWHQWLDO DGGLWLRQDO DFFHVV SRLQWV DUH



































 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\

9DOXHDGGHG
 LV WKH NH\ WR DFFHVVLELOLW\ TXDOLW\ ,Q D WH[WXDO GDWDEDVH HLWKHU
ELEOLRJUDSKLF RU IXOOWH[W WKH SUHVHQFH RI FRQWUROOHG YRFDEXODU\ GHVFULSWRUV IURP D
KLHUDUFKLFDO WKHVDXUXV FDQ LPSURYH ERWK UHFDOO DQG SUHFLVLRQ
)RU H[DPSOH LQ 0HGLFDO 6XEMHFW +HDGLQJV 0(6+ WKH WHUP $QDEROLF
6WHURLGV LV D GHVFULSWRU 8VLQJ WKLV WHUP ZLOO PDNH D VHDUFK PRUH SUHFLVH LW
HQVXUHV WKDW WKH VHDUFKHU GRHV QRW UHWULHYH DOO WKH RWKHU W\SHV RI VWHURLGV DQG ZLOO
LQFUHDVH UHFDOO EHFDXVH LW ZLOO DOVR SLFN XS DUWLFOHV WKDW UHIHU WR DQDEROLF VWHURLGV
E\ WKHLU FKHPLFDO FRQVWLWXHQWV RQO\ ,Q WKH 0(6+ KLHUDUFK\ DOO RI WKH VSHFLILF
DQDEROLF VWHURLGV DUH GLVSOD\HG XQGHU WKH EURDG WHUP 
DQDEROLF VWHURLGV
 VR WKH\
FDQ DOO EH VHDUFKHG LQ D FRPSUHKHQVLYH VHDUFK 7KH\ FDQ EH VHDUFKHG E\ QDPH RU
E\ FODVVLILFDWLRQ FRGH )LJXUH 
:LWKRXW GHVFULSWRUV RU GHVFULSWRU FRGHV DVVLJQHG IURP D KLHUDUFKLFDO WKHVDXUXV
VXFK VRSKLVWLFDWHG VHDUFK IHDWXUHV DV %RROHDQ 25 WKHVDXUXV YLHZLQJ H[SORGH WR
UHWULHYH DXWRPDWLFDOO\ DOO RI WKH QDUURZHU WHUPV XQGHU D EURDG WHUP DQG WUXQFDWLRQ
DUH XQZRUNDEOH RU IDU OHVV XVHIXO
$V DQRWKHU H[DPSOH RI KRZ FRQWUROOHG YRFDEXODU\ KHOSV DFFHVVLELOLW\ KDUGWR
GHILQH FRQFHSWV FDQ EH VHDUFKHG PRUH HDVLO\ ZLWK JRRG FRQWUROOHG YRFDEXODU\
&RQVLGHU D VHDUFK RQ KRZ WKLQJV KDYH FKDQJHG IRU WKH SHRSOH RI *XDP LQ WKH ODVW
GHFDGH 7KH XVHU GRHV QRW ZDQW HYHU\WKLQJ RQ *XDP MXVW LQIRUPDWLRQ RQ KRZ
OLIHVW\OH FXVWRPV LQFRPH OHYHO DWWLWXGHV DQG RXWORRN KDYH FKDQJHG 7KRVH DUH
GLIILFXOW FRQFHSWV WR VHDUFK IUHHWH[W EXW VHYHUDO GDWDEDVHV LQFOXGLQJ 6RFLRORJLFDO
$EVWUDFWV )LJXUH  FRQWDLQ WKH GHVFULSWRU 
48$/,7< 2) /,)(
 ZKLFK VXPV XS
DOO RI WKHVH LGHDV LQ RQH KHDGLQJ
/XFNLO\ GDWDEDVH GHVLJQHUV DUH UHGLVFRYHULQJ WKH YDOXH RI WKHVDXUL DV NQRZOHGJH
EDVHV DIWHU VSHFXODWLRQ E\ VRPH WKDW FRQWUROOHG YRFDEXODU\ ZRXOG EHFRPH REVROHWH
ZLWK IXOOWH[W 7KHVDXUL DQG FRQWUROOHG YRFDEXODU\ LQGH[LQJ DUH QRW REVROHWH *RRG
LQGH[LQJ SURYLGHV DGGLWLRQDO DFFHVVLELOLW\ LPSURYHG UHVXOWV DQG DGGLWLRQDO GDWDEDVH
TXDOLW\
2WKHU YDOXHDGGHG ILHOGV FDQ DOVR LPSURYH DFFHVVLELOLW\ ,Q ELEOLRJUDSKLF
GDWDEDVHV DEVWUDFWV SURYLGH LQFUHDVHG UHWULHYDO SRLQWV DQG KHOS UHOHYDQFH MXGJLQJ
,Q IXOOWH[W DEVWUDFWV EULQJ DOO PDMRU FRQFHSWV LQWR IRFXV LQ D VLQJOH SDUDJUDSK
4XDOLW\ DEVWUDFWV DGKHUH WR QDWLRQDO RU LQWHUQDWLRQDO VWDQGDUGV DUH DV LQIRUPDWLYH DV
SRVVLEOH ZHOO ZULWWHQ DQG RI DQ DSSURSULDWH OHQJWK JHQHUDOO\ EHWZHHQ  DQG 
ZRUGV
,Q GLUHFWRU\ GDWDEDVHV FRGHV VXFK DV 6,& QXPEHUV 'XQ 	 %UDGVWUHHW '816
QXPEHUV &KHPLFDO $EVWUDFW 5HJLVWU\ 1XPEHUV HWF DOO DLG WKH XVHU LI WKH\ DUH
DSSOLHG FRQVLVWHQWO\ $XWKRULW\ FRQWURO RI FRPSDQ\ QDPHV VWDWHV FRXQWULHV HWF FDQ
JUHDWO\ LPSURYH DFFHVVLELOLW\ LQ GLUHFWRU\ GDWDEDVHV DV ZHOO
,I WLPHOLQHVV DQG FRPSUHKHQVLYH FRYHUDJH RI ODUJH DPRXQWV RI LQIRUPDWLRQ DUH
HVVHQWLDO WR D SURGXFW
V YDOXH D GDWDEDVH SURGXFHU FDQ DGG HYHQ PRUH YDOXH $IWHU
PDQ\ \HDUV RI GHYHORSPHQW WKH ,QVWLWXWH IRU 6FLHQWLILF ,QIRUPDWLRQ O6, EHJDQ
DGGLQJ H[WUD UHWULHYDO SRLQWV WR LWV UHFRUGV LQ WKH 6FLHQFH &LWDWLRQ ,QGH[ DQG 6RFLDO
6FLHQFH &LWDWLRQ ,QGH[ GDWDEDVHV
7KHVH DUH ERWK KXJH GDWDEDVHV FUHDWHG DOPRVW FRPSOHWHO\ E\ PDFKLQH O6, IHOW LW
FRXOG DIIRUG QHLWKHU WKH WLPH QRU WKH FRVW WR DGG KXPDQLQGH[HG GHVFULSWRUV RU
3ULRULWLHV RI TXDOLW\ 
61 6XEMHFWLYH HYDOXDWLRQ RI DQ LQGLYLGXDO
V
RU JURXS
V ZD\ RI OLIH OLIHVW\OH RU
OLYLQJ FRQGLWLRQV XVXDOO\ XVLQJ DQ
H[SOLFLW LQYHQWRU\ RI IDFWRUV
4XDOLW\ RI /LIH
%7 4XDOLW\
















)LJXUH  4XDOLW\ RI OLIH
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
DEVWUDFWV 7KHLU .H\ZRUGVILHOG GRHV VR DXWRPDWLFDOO\ E\ DVVLJQLQJ NH\ZRUGV WR
UHFRUGV EDVHG RQ FRPSXWHU H[DPLQDWLRQ RI WKH WLWOHV RI DUWLFOHV OLVWHG LQ WKH IRRWQRWHV
RI WKH DUWLFOH EHLQJ LQGH[HG $EVWUDFWV DUH DGGHG LI WKH RULJLQDO DUWLFOH FRQWDLQV DQ
DXWKRUZULWWHQ DEVWUDFW
$FFXUDF\
7KH WZR ILQDO FDWHJRULHV RI WRS SQRQW\ TXDOLW\ UXQ WKURXJKRXW WKH RWKHU WKUHH
FDWHJRULHV EXW DOVR FRQWDLQ VRPH XQLTXH SURSHUWLHV RI WKHLU RZQ $FFXUDF\ DQG
&RQVLVWHQF\ DUH LPSOLHG LQ KLJKTXDOLW\ HGLWRULDO VHOHFWLRQ SROLFLHV ILHOG VWUXFWXUHV
DQG LQGH[LQJ 7KH DSSOLFDWLRQ RI VFRSH VWUXFWXUH DQG DFFHVVLELOLW\ PXVW RI FRXUVH
      
6FRSH 6WUXFWXUH
$FFHVVLELOLW\
)LJXUH  )LYH DVSHFWV LI FRQWHQW TXDOLW\
       a
3ULRULWLHV RI TXDOLW\ 
EH ERWK DFFXUDWH DQG FRQVLVWHQW WR EH RI DQ\ XVH 5DWKHU WKDQ D ILYHSRLQW OLVW WKH ILYH
DVSHFWV PLJKW EH SLFWXUHG DV D 9HQQ GLDJUDP )LJXUH  ZLWK DFFXUDF\ DQG
FRQVLVWHQF\ LQFOXGHG LQ DOO RWKHU FRQWHQW DVSHFWV %XW DFFXUDF\ DQG FRQVLVWHQF\ DUH
ZRUWK FRQVLGHULQJ RQ WKHLU RZQ $FFXUDF\ LV ZKHUH W\SRJUDSKLFDO HUURUV FRPH WR
EHDU LQ WKH HYDOXDWLRQ RI FRQWHQW TXDOLW\
$FFXUDF\ LV PRUH LPSRUWDQW LQ VRPH ILHOGV WKDQ LQ RWKHUV )DFWXDO DQG FRQWHQW
ORDGHG ILHOGV VKRXOG EH GRXEOHFKHFNHG IRU DFFXUDF\ E\ GDWDEDVH SURGXFHUV
1XPHULF ILHOGV DGGUHVV ILHOGV SKRQH QXPEHUV DQG VRXUFH ILHOGV LQ SDUWLFXODU VKRXOG
EH YDOLGDWHG DQG YHULILHG EHFDXVH WKH SRWHQWLDO IRU SUREOHPV LQ UHWULHYDO DQG XVH DUH
VR KLJK LI WKH\ FRQWDLQ HUURUV
)RU LQVWDQFH -DFVR IRXQG WKDW 8OULFK
V ,QWHUQDWLRQDO 6HULDOV 'LUHFWRU\ OLVWHG WKH
SULFH RI ERWK %LRORJLFDO $EVWUDFWV DQG 0DWKHPDWLFDO 5HYLHZV DV RQO\  SHU \HDU
4XLWH D EDUJDLQ EXW KLJKO\ VXVSHFW
7\SRJUDSKLFDO HUURUV LQ WH[W ILHOGV VXFK DV WLWOHV DEVWUDFWV RU IXOOWH[W DUH
XQVLJKWO\ EXW GR WKH\ LPSDFW VHDUFK UHVXOWV DGYHUVHO\" 'DWDEDVH SURGXFHUV FODLP
WKDW LW LV WRR H[SHQVLYH DQG WLPHFRQVXPLQJ WR VSHOOFKHFN DQG SURRIUHDG WR WKH
GHJUHH QHFHVVDU\ WR JHW EHWWHU DFFXUDF\ +RZ GHYDVWDWLQJ DUH W\SRV LQ WKHVH ILHOGV"
3DUW RI WKH DQVZHU WR WKDW TXHVWLRQ KDV WR GR ZLWK VWDWLVWLFDO SUREDELOLWLHV 7KH
PRUH LQIRUPDWLRQ WKHUH LV LQ D GDWDEDVH UHFRUG WKH KLJKHU WKH SUREDELOLW\ WKDW WKH
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)LJXUH  9DFXXPV LQ ,163(&
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
W\SRV ZLOO DGYHUVHO\ DIIHFW WKH VHDUFK UHVXOWV LV VPDOO VLQFH WKH ZRUGV DUH OLNHO\ WR
EH UHSHDWHG HOVHZKHUH LQ WKH UHFRUG
7KLV UHGXQGDQF\ IDFWRU RU LWV ODFN FDQ EH HDVLO\ LOOXVWUDWHG )LJXUH  VKRZV D
OLVW RI WKH YDULHW\ RI VSHOOLQJV RI 
YDFXXP
 LQ ,163(& 2XW RI WKH  PLVVSHOOLQJV
9DFFXXP RU 9DFFXXPV  RI WKH UHFRUGV DOVR FRQWDLQ WKH ZRUG VSHOOHG FRUUHFWO\
7KLV PHDQV WKDW  RI WKH UHFRUGV GR QRW KDYH DQ\ UHGXQGDQF\ DQG ZRXOG WKHUHIRUH
EH ORVW LQ D VHDUFK LI WKH VHDUFKHU GLG QRW ILUVW FKHFN WKH LQGH[ DQG FKRRVH DOO LQFRUUHFW
VSHOOLQJV DORQJ ZLWK WKH FRUUHFW RQH
$  VWXG\ E\ &KDUOHV %RXUQH SRLQWHG RXW WKDW IRUFLQJ D VHDUFKHU WR GR
VXFK FKHFNLQJ LQFUHDVHV WKH FRVW RI WKH VHDUFK DQG QHFHVVLWDWHV PRUH WLPH WR GR
D FRPSUHKHQVLYH VHDUFK +H QRWHG WKDW HYHQ WKHQ RQO\ HUURUV WKDW EHJLQ ZLWK
WKH VDPH ZRUG VWHP DUH OLNHO\ WR EH UHWULHYHG HLWKHU IURP DQ LQGH[ GLVSOD\ RU
IURP WUXQFDWLRQ :RUGV ZLWK WKH ILUVW OHWWHUV ZURQJ DUH OLNHO\ WR JR XQQRWLFHG
E\ XVHUV
*HQHUDOO\ UHGXQGDQW HUURUV ZLOO DGYHUVHO\ DIIHFW UHWULHYDO RQO\ LI WKH XVHU LV
VHDUFKLQJ ZLWK SUR[LPLW\ RSHUDWRUV DQG WKH ZRUG SDWWHUQ LV QRW UHSHDWHG DQ\ZKHUH
HOVH LQ WKH GRFXPHQW 3XEOLVKHUV DUH RIWHQ ZLOOLQJ WR WDNH WKLV ULVN ZLWK VHDUFKHUV

UHVXOWV
,PDJLQH ZDONLQJ LQWR D ERRNVWRUH DQG VHHLQJ D VLJQ 
%RRNV ZLWK HUURUV DQG W\SRV
  3URRIUHDG ERRNV 
 &RQVXPHUV ZRXOG QRW VWDQG IRU LW EXW GDWDEDVH
SURGXFHUV JHW DZD\ ZLWK VXFK SUDFWLFHV UHJXODUO\ 0DQ\ GDWDEDVH SURGXFHUV FODLP
WKDW XVHUV FDQQRW DIIRUG WR SD\ ZKDW LW ZRXOG WDNH WR KDYH FOHDQHU GDWDEDVHV VR WKH\
PXVW EH VDWLVILHG ZLWK WKH SURGXFWV DV WKH\ DUH
1RQUHGXQGDQW HUURUV DUH HVSHFLDOO\ SUREOHPDWLF 7KHVH RFFXU PRUH RIWHQ LQ VKRUW
ILHOGV WKDQ LQ OHQJWK\ WH[WV RU DEVWUDFWV 7KH 
SDUHQW FRXQWU\
 ILHOG LQ '	% 
,QWHUQDWLRQDO 'XQ
V 0DUNHW ,GHQWLILHUV VKRZQ EHORZ )LJXUH  FRQWDLQV MXVW RQH
YDOXH 6RPHRQH ORRNLQJ IRU DOO UHFRUGV DERXW (QJODQG ZLOO EH ERXQG WR PLVV PDQ\
GLUHFWRU\ OLVWLQJV $Q HYHQ PRUH VHULRXV DFFXUDF\ SUREOHP HVSHFLDOO\ ZLWK GLUHFWRU\
DQG QXPHULF GDWDEDVHV LV WKH UHOLDELOLW\ RI WKH VRXUFH LQIRUPDWLRQ ,Q D FRPSDQ\
GDWDEDVH UHFRUG LI WKH QDPH RI WKH SUHVLGHQW WKH SKRQH QXPEHU RU WKH JURVV VDOHV
DUH LQDFFXUDWH EHFDXVH RI SRRU GDWDJDWKHULQJ WHFKQLTXHV WKH UHFRUG DQG E\
LPSOLFDWLRQ WKH HQWLUH GDWDEDVH LV ZRUWKOHVV
7KH 6XSUHPH &RXUW FDVH RI 'XQ 	 %UDGVWUHHW '	% YV *UHHQPRVV %XLOGHUV KDV
EHHQ ZLGHO\ UHSRUWHG $ VWXGHQW KLUHG E\ '	% WR JR WKURXJK DQG LQWHUSUHW OHJDO
GRFXPHQWV PLVWDNHQO\ UHSRUWHG WKDW *UHHQPRVV KDG ILOHG IRU EDQNUXSWF\ *UHHQPRVV
VXHG '	% DQG ZRQ
$QRWKHU ZHOONQRZQ H[DPSOH LV ZKHQ WKH 'XQ 	 %UDGVWUHHW (XURSHDQ 0DUNHW
,GHQWLILHUV GDWDEDVH ZDV IRXQG WR KDYH XVHG LQDFFXUDWH FXUUHQF\ FRQYHUVLRQ
IRUPXODV 7KH\ DOWHUQDWHO\ UHSRUWHG WKUHH <XJRVODYLDQ DQG WKUHH *UHHN FRPSDQLHV
DV EHLQJ WKH ODUJHVW IRRG FRPSDQLHV LQ WKH ZRUOG
'XQ 	 %UDGVWUHHW
V UHDFWLRQ WR WKHVH SUREOHPV ZDV LQ SDUW WR UHYLVH WKHLU
GLVFODLPHU 2Q 'LDORJ WKH '	% 'XQ
V )LQDQFLDO 5HFRUGV 3OXV GLVFODLPHU VWDWHPHQW
UHDGV LQ SDUW 
<RX DFNQRZOHGJH WKDW '	% GRHV QRW ZDUUDQW RU JXDUDQWHH WKH
WLPHOLQHVV FXUUHQWQHVV DFFXUDF\ FRPSOHWHQHVV PHUFKDQWDELOLW\ RU ILWQHVV IRU D
SDUWLFXODU SXUSRVH RI WKH LQIRUPDWLRQ <RX DOVR DFNQRZOHGJH WKDW HYHU\ EXVLQHVV
3ULRULWLHV RI TXDOLW\ 
GHFLVLRQ LQYROYHV WKH DVVXPSWLRQ RI D ULVN DQG WKDW '	% LQ IXUQLVKLQJ WKH
LQIRUPDWLRQ WR \RX FDQQRW DQG ZLOO QRW XQGHUZULWH WKDW ULVN LQ DQ\ PDQQHU
ZKDWVRHYHU <RX WKHUHIRUH DJUHH WKDW '	% ZLOO QRW EH OLDEOH IRU DQ\ ORVV GDPDJH
RU LQMXU\ FDXVHG LQ ZKROH RU LQ SDUW E\ '	%
V QHJOLJHQFH LQ SURFXULQJ
FRPSLOLQJ FROOHFWLQJ LQWHUSUHWLQJ UHSRUWLQJ FRPPXQLFDWLQJ RU GHOLYHULQJ WKH
LQIRUPDWLRQ   
,I WKH ZURQJ LQIRUPDWLRQ LV UHSRUWHG QR DPRXQW RI GDWD LQSXW FKHFNV DQG GRXEOH
FKHFNV ZLOO HQVXUH DFFXUDF\ 8QIRUWXQDWHO\ LW LV GLIILFXOW IRU FRQVXPHUV WR YHULI\ WKLV
DVSHFW RI DFFXUDF\ XQOHVV WKH FRUUHFW LQIRUPDWLRQ RU VRXUFH RI WKH LQIRUPDWLRQ LV
DOUHDG\ NQRZQ WR WKHP
%HFDXVH RI WKLV XQFHUWDLQW\ VHDUFKHUV PXVW DOZD\V TXHVWLRQ WKH IDFWXDO
LQIRUPDWLRQ WKH\ UHWULHYH ,I D GLUHFWRU\ GDWDEDVH LQFOXGHV ODUJH QXPEHUV RI UHFRUGV
ZLWK LQIRUPDWLRQ OLVWHG DV 1$ QRW DYDLODEOH RQH PXVW TXHVWLRQ WKH GDWDEDVH
V
WHFKQLTXHV IRU GDWD YHULILFDWLRQ ,I VRPHWKLQJ ORRNV VXVSLFLRXV DQ H[SHULHQFHG
VHDUFKHU ZLOO WU\ WR YHULI\ LW LQ DQRWKHU VRXUFH
$ FRUSRUDWH OLEUDULDQ LQ DQ RLO WUDGLQJ ILUP UHSRUWHG WKDW VKH DOZD\V VSRW FKHFNV
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VKH UHFRJQL]HV ZKHQ D SULFH 
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VRXUFHV WKHQ DGGV D QRWH WR WKH SULFH RQ WKHLU LQKRXVH V\VWHP DOHUWLQJ WKH WUDGHUV
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 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
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DQG ZLOO QRW JHW LQ D GDWDEDVH VHDUFK ,W PDNHV VHDUFK DLGV VXFK DV PDQXDOV DQG KHOS
PHVVDJHV PHDQLQJIXO
&RQVLVWHQF\ FXWV DFURVV DOO SDUWV RI D GDWDEDVH )RU H[DPSOH D UHVHDUFKHU ZKR LV
UXQQLQJ XSGDWHV WR D VHDUFK RQ D UHJXODU EDVLV QHHGV WR EH DEOH WR UHO\ RQ FRQVLVWHQF\
LQ VXFK PDWWHUV DV ZKHQ D GDWDEDVH LV XSGDWHG WKH DSSUR[LPDWH QXPEHU RI UHFRUGV
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PDNH TXDOLW\ SURGXFWV 'DWDEDVH SURGXFHUV KDYH DQ REOLJDWLRQ WR SURYLGH DQ
DFFHSWDEOH OHYHO RI FRQWHQW TXDOLW\ ZKLOH PDLQWDLQLQJ FXUUHQF\ ,W PD\ QRW EH HDV\
EXW DW VRPH SRLQW XVHUV DUH QRW JRLQJ WR FRQWLQXH WR DFFHSW H[FXVHV
+HUH DUH VRPH IXQGDPHQWDO WHFKQLTXHV IRU LPSURYLQJ GDWDEDVH TXDOLW\ DW WKH
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
 'HYHORS SULQW DQG SXEOLFL]H HGLWRULDO SROLFLHV DQGIROORZ WKHP
 %HOLHYH WKDW XVHUV QHHG DQG ZDQW FRQWHQW TXDOLW\ DQG XQGHUVWDQG WKDW SRRU
SUDFWLFHV FDQQRW JR RQ IRUHYHU
 ,I \RX FDQ QRW PDQDJH D UHDVRQDEOH OHYHO RI FRQWHQW TXDOLW\ JHW RXW RI WKH
EXVLQHVV VHDUFKHUV VKRXOG KHOS E\ UHIXVLQJ WR EX\ SRRU TXDOLW\ SURGXFWV
&HUWDLQO\ WKHUH DUH WUDGHRIW
V 7LPH ODJV PD\ EH D SUREOHP DOUHDG\ ZLWKRXW
VSHQGLQJ HYHQ PRUH WLPH DQG FDUH LQ SUHSDUDWLRQ %XW DV PRUH SURGXFWV EHFRPH
DYDLODEOH LQ HOHFWURQLF IRUP DQG DV D ZLGHU EDVH RI FRQVXPHUV XVHV WKHP SRRU
TXDOLW\ ZLOO QRW FRQWLQXH WR VHOO %HWWHU VRIWZDUH IRU VFDQQLQJ HUURU GHWHFWLRQ
YDOLGDWLRQ DQG DXWRPDWLF LQGH[LQJ FDQ KHOS ZLWK PDQ\ RI WKHVH TXDOLW\ LVVXHV
DOWKRXJK QRW ZLWK DOO
)LQGLQJ RXW DERXW TXDOLW\
$OO VHDUFKHUV VKDUH WKH UHVSRQVLELOLW\ IRU WHVWLQJ DQG UHSRUWLQJ RQ WKH TXDOLW\ RI
GDWDEDVH FRQWHQW ,I VHDUFKHUV GR QRW PDNH LW WKHLU MRE WR WHVW TXDOLW\ WKH\ ZLOO HQG
XS KDYLQJ WR LVVXH WKH VDPH VRUW RI GLVFODLPHUV DV GDWDEDVH SURGXFHUV  EXW WKHLUV
ZLOO UHDG 
OHW WKH FOLHQW EHZDUH

7HVWLQJ LV QRW DV GLIILFXOW DV PDQ\ VHDUFKHUV LPDJLQH QRW HYHU\RQH QHHG EHFRPH
D IXOOWLPH TXDOLW\ FRQWURO RIILFHU 7KHUH LV D FRQWLQXXP RI WHVWLQJ IURP VLPSOH WR
FRPSOH[ IURP TXLFN WR PRUH WLPHFRQVXPLQJ IURP LQH[SHQVLYH WR SRWHQWLDOO\ TXLWH
H[SHQVLYH 0DQ\ PRUH VHDUFKHUV ZLOO ILQG D UROH IRU WKHPVHOYHV RQ WKH TXLFN RU
VLPSOH HQG WKDQ RQ WKH FRPSOH[ HQG (DFK VHDUFKHU FDQ GHFLGH ZKHUH RQ WKH
FRQWLQXXP WR GUDZ WKH OLQH RI GLUHFW LQYROYHPHQW )LJXUH 
-DFVRV FKDSWHU SURYLGHV PHWKRGV DQG GHWDLOV RI PDQ\ TXDOLW\ WHVWV DORQJ DOO
SRLQWV RI WKH FRQWLQXXP 7KH VLPSOHVW WHFKQLTXH KRZHYHU LV RQH WKDW HYHU\
VHDUFKHU FDQ SHUIRUP URXWLQHO\ IRU HYHU\ GDWDEDVH KH RU VKH VHDUFKHV 7KLV
WHFKQLTXH LV VLPSO\ WR VHH LI VRPHRQH HOVH KDV DOUHDG\ WHVWHG WKH TXDOLW\ RI WKH
GDWDEDVH DQG ZULWWHQ D UHYLHZ (YHU\ VHDUFKHU VKRXOG EH LQ WKH KDELW RI UHJXODUO\
UHDGLQJ GDWDEDVH UHYLHZV 2I FRXUVH RQH PXVW EH FDUHIXO RI ZKR ZULWHV WKH UHYLHZV
 DQ HPSOR\HH RI WKH GDWDEDVH SURGXFHU LV KDUGO\ OLNHO\ WR EH XQELDVHG 6RPH
MRXUQDOV ODEHO WKHVH SURGXFW UHYLHZV LQ VRPH ZD\ VXFK DV 
)LUVW /RRN
 EXW ZLWK
RWKHUV WKH UHDGHU KDV WR FKHFN DXWKRU DIILOLDWLRQ WR PDNH VXUH WKH UHYLHZ LV REMHFWLYH
7KHUH DUH PDQ\ JRRG VRXUFHV RI GDWDEDVH UHYLHZV $ VHOHFWHG VRXUFH OLVW LV LQFOXGHG
DW WKH HQG RI WKLV FKDSWHU
$ FRQVRUWLXP VXFK DV WKH )LQQLVK 6RFLHW\ IRU ,QIRUPDWLRQ 6HUYLFHV 6&28* RU
DQ\ RWKHU JURXS RI FRQFHUQHG XVHUV LV D JRRG DYHQXH WR DFFRPSOLVK V\VWHPDWLF
GDWDEDVH WHVWV RQ D ODUJH VFDOH /DUJHVFDOH WHVWLQJ LV SURKLELWLYH IRU PRVW
LQGLYLGXDOV GXH WR WKH WLPH DQG PRQH\ UHTXLUHG WR WHVW D GDWDEDVH ULJRURXVO\
:RUNLQJ WRJHWKHU KRZHYHU VHDUFKHUV FRXOG FUHDWH D UHJXODU DQG FRQVLVWHQW GDWDEDVH
UHYLHZLQJ YHKLFOH 6RPH JURXSV KDYH SURSRVHG D VRUW RI LQWHUQDWLRQDO &RQVXPHU
5HSRUWV RI GDWDEDVHV
 (OHFWURQLF LQIRUPDWLRQ GHOLYHU\
&RQWLQXXP RI 7HVWLQJ
VLPSOH FRPSOH[
/ ! ! ! ! ,
, ,
TXLFN WLPH FRQVXPLQJ
)LJXUH  &RQWLQXXP RI OLVWLQJ
,QWHUQHW LV D QDWXUDO GLVWULEXWLRQ YHKLFOH IRU VXFK UHSRUWV 5HSRUWV FRXOG EH EXLOW
LQFUHPHQWDOO\ ZLWK PDQ\ VHDUFKHUV IURP DOO RYHU WKH ZRUOG DGGLQJ WKHLU LQSXW IRU
HDFK GDWDEDVH 7KH GHYHORSPHQW RI D FRQVLVWHQW FKHFNOLVW DQG VWDQGDUGL]HG WHVWLQJ
PHWKRGV ZRXOG DVVXUH VRPH XQLIRUPLW\
&RQFOXVLRQ
&RQWHQW PDGH XS RI FRQVLVWHQW DQG DFFXUDWH VFRSH VWUXFWXUH DQG DFFHVVLELOLW\ LV WKH
WRS SULRULW\ IRU TXDOLW\ $OO TXDOLW\ LV QRW FUHDWHG HTXDO ZLWKRXW TXDOLW\ FRQWHQW QR
DPRXQW RI IDQF\ SURJUDPPLQJ QLIW\ LQWHUIDFHV RU FOHDQ WHOHFRPPXQLFDWLRQV OLQHV
PDNHV DQ\ GLIIHUHQFH 'DWDEDVH SURGXFHUV FDQ FUHDWH KLJKHU TXDOLW\ GDWDEDVHV LI WKH\
DUH FRQYLQFHG WKDW FXVWRPHUV FDUH 2IWHQ SRRU FRQWHQW TXDOLW\ LV KLGGHQ EHFDXVH LW
LV QHYHU WHVWHG V\VWHPDWLFDOO\ ODHVD
V FKDSWHU SURYLGHV VHYHUDO V\VWHPDWLF PHWKRGV
IRU WHVWV WKDW PHDVXUH GDWDEDVH TXDOLW\ DQG WKDW FDQ KHOS XQFRYHU VRPH RI WKH KLGGHQ
GLUW\ VHFUHWV RI GDWDEDVH FRQWHQW
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6HOHFWHG VRXUFHV IRU HYDOXDWLQJ GDWDEDVHV
*DOH 'LUHFWRU\ RI 'DWDEDVHV 'HWURLW 0, *DOH 5HVHDUFK ,QF  YROXPHV 7ZLFH
\HDUO\ -DQXDU\  7KLV PHUJHV DQG UHSODFHV WKUHH SRSXODU GLUHFWRULHV
&RPSXWHU5HDGDEOH 'DWDEDVHV $ 'LUHFWRU\ DQG 'DWD 6RXUFHERRN 0DUWKD (
:LOOLDPV )RXQGLQJ (GLWRU 'LUHFWRU\ RI 2QOLQH 'DWDEDVHV DQG 'LUHFWRU\ RI
3RUWDEOH 'DWDEDVHV IRXQGHG E\ &XDGUD $VVRFLDWHV 9ROXPH 2QH FRYHUV RQOLQH




)XOOWH[W 6RXUFHV 2QOLQH 5XWK 2UHQVWHLQ HGLWRU 1HHGKDP +HLJKWV 0$ %LEOLR'DWD
WZLFH \HDUO\ $ GLUHFWRU\ RI SHULRGLFDOV PDJD]LQHV MRXUQDOV QHZVSDSHUV
QHZVOHWWHUV DQG QHZVZLUHV DYDLODEOH RQOLQH LQ IXOOWH[W IURP PDMRU LQWHUQDWLRQDO
YHQGRUV
-DFVR 3HWHU &'520 6RIWZDUH 'DWDZDUH DQG +DUGZDUH (YDOXDWLRQ 6HOHFWLRQ
DQG ,QVWDOODWLRQ (QJOHZRRG &2 /LEUDULHV 8QOLPLWHG  ([DPSOHV DUH IRU &'
520 GDWDEDVHV RQO\ EXW WKH PDQ\ XVHIXO WHFKQLTXHV WR WHVW DQG HYDOXDWH GDWDEDVHV
ZRUN IRU DQ\ HOHFWURQLF GLVWULEXWLRQ PHGLXP
'DWDEDVH PDJD]LQH 2QOLQH ,QF :LOWRQ &7 3UREDEO\ WKH EHVW VRXUFH IRU
FRPSDUDWLYH UHYLHZV DQG WHFKQLTXHV IRU WHVWLQJ
2QOLQH PDJD]LQH LV WKH FRPSDQLRQ WR 'DWDEDVH WKH\ DUH SXEOLVKHG HYHU\ RWKHU
PRQWK E\ WKH VDPH SXEOLVKHU ,W KDV IHZHU GDWDEDVH UHYLHZV EXW PDQ\ V\VWHP
UHYLHZV DQG GLVFXVVLRQV RI EURDGHU LVVXHV RI TXDOLW\
2QOLQH 5HYLHZ /HDUQHG ,QIRUPDWLRQ /WG 2[IRUG (QJODQG 3XEOLVKHV UHYLHZV RI
GDWDEDVHV DQG V\VWHPV DQG UHVHDUFK DUWLFOHV DV ZHOO DV GDWDEDVH QHZV
,QIRUPDWLRQ 7RGD\ /HDUQHG ,QIRUPDWLRQ ,QF 0HGIRUG 1- ,QGXVWU\ QHZV
FROXPQV DQG VRPH GDWDEDVH UHYLHZV *RRG IRU DQQRXQFHPHQWV RI QHZ GDWDEDVHV DQG
PRYHPHQWV WR LPSURYH TXDOLW\
6HDUFKHU 7KH 0DJD]LQH IRU 'DWDEDVH 3URIHVVLRQDOV %DUEDUD 4XLQW HGLWRU /HDUQHG
,QIRUPDWLRQ ,QF 0HGIRUG 1- 4XLQW LV DQ RXWVSRNHQ SURSRQHQW RI TXDOLW\
VHDUFKHUV DQG WKH JXLGLQJ OLJKW RI WKH 6RXWKHUQ &DOLIRUQLD 2QOLQH 8VHUV *URXS
54 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&'520
 /LEUDU\ -RXUQDO  0DUFK 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 LQ 2QOLQH ,QIRUPDWLRQ 
 WK ,QWHUQDWLRQDO
2QOLQH ,QIRUPDWLRQ 3URFHHGLQJV /RQGRQ  'HFHPEHU 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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